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(57)Abstract: 

PURPOSE: To improve the light emitting efficiency of a blue-color LED 
without a reflecting plate such as a cup by effectively utilizing the light 
emitted from the side surface of a light emitting element utilizing a gallium- 
nitrlde-based compound semiconductor, and taking out the light to the side 
of the observing surface. 



CONSTITUTION: A light emitting element comprises at least a light 
transmitting substrate 1 and a gallium-nitride-based compound 
semiconductor 2. which is formed on the light transmitting substrate. With 
the light transmitting substrate 1 of the light emitting element up. the 
element is mounted on a lead frame 4. The entire light emitting element is 
sealed with a resin mold 5. In this blue- color-light emitting diode, the side 
surface of the light emitting element is cut at an acute angle 9 downward 
from the upper surface of the light transmitting substrate. 
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CLAIMS 

[Claim(s)] - 

[Claim 1] Blue light emitting diode with which a light emitting device consists of a gallium nitride system compound 
semiconductor by which the laminating was carried out at least to the translucency substrate and this translucency 
substrate, and the side face of said light emitting device is further characterized by being cut from the direction of a 
vertical on the top face of a translucency substrate by the acute angle theta In the blue light emitting diode which lays on a 
leadframe and comes to close the whole light emitting device by resin mold by using the translucency substrate of this light 
emitting device as a top face. 

[Claim 2] Said acute angle theta is blue light emitting diode according to claim 1 characterized by having the relation of 
theta>=sin -1 (n2/n1), when the refractive index of n1 and said resin mold is set to n2 for the refractive index of said 
translucency substrate. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the blue light emitting diode (henceforth blue LED) which has the light 
emitting device by which the laminating of the gallium nitride system compound semiconductor was carried out on the 
translucency substrate, especially relates to the structure of the details of this light emitting device. 
[0002] 

[Description of the Prior Art] Generally, gallium nitride system compound semiconductors, such as GaN, InGaN. GaAIN, and 
InAIGaN. are known as an ingredient of the light emitting device of blue LED. The structure of the conventional blue LED 
which has a light emitting device using these gallium nitride system compound semiconductor is shown in drawing 2 . It is 
the resin mold which the electrode with which the gallium nitride system compound semiconductor (henceforth [ 1 and 2 
are doubled and ] a light emitting device in this specification) 3 with which 1 was used as the translucency substrate and 
the laminating of 2 was carried out on the translucency substrate 1 was formed in the suitable location on the gallium 
nitride system compound semiconductor 2, the leadframe in which 4 lays a light emitting device, and 5 close the whole light 
emitting device, and condenses luminescence from the gallium nitride system compound semiconductor 2. Oxide system 
single crystals, such as sapphire, a zinc oxide, and a magnesium oxide, can be used for the ingredient of the translucency 
substrate 1, and, generally sapphire is used. Moreover, transparence resin excellent in weatherability, such as an epoxy 
resin and a urea resin, is used for the resin mold 5. As shown in this drawing, that most is cut in the shape of a chip so that 
the end face of a light emitting device may become perpendicular, and the conventional blue LED has the structure laid in 
the leadframe. as the translucency substrate 1 side becomes a top face, i.e., a luminescence observation side. 
[0003] 

[Problem(s) to be Solved by the Invention] In the light emitting device of this structure, when the translucency substrate 1 
is used as sapphire, there is usually hundreds of micrometers thickness of silicon on sapphire 1. On the other hand, the light 
which reaches the side face of silicon on sapphire 1 among full-blue luminescence which does not pass over the thickness 
of a gallium nitride system compound semiconductor to several [ at most ] micrometers, but is emitted from a gallium 
nitride system compound semiconductor is about 10 - 40% of the whole. And if the refractive index of sapphire is set to 
about 3 and an epoxy refractive index is set to about 1.5 when closure resin is used as an epoxy resin, the critical angle in 
the boundary of sapphire and an epoxy resin becomes about 30 degrees, and all of the light 30 degrees or less which carries 
out incidence to a side face are not left and used effectively from the side face of silicon on sapphire. 

[0004] By the way. although there is also a method of reflecting in the upper part the light which lays a light emitting device 
in the bottom of the cup by making the configuration of a leadframe into the shape of a cup. and is left from a side face on 
a cup side face. If a leadframe is made into a cup configuration, an industrial-engineering top is impossible for an assembly 
at the gallium nitride system compound semiconductor light. emitting device of structure which turns a translucency 
substrate up and turns an electrode down, i.e., the light emitting device using a translucency substrate. Therefore, the 
conventional blue LED was the structure [ like drawing 2 ] whose most of that is. and LED of this structure could not use 
effectively the light left from a tip side side, but had the problem of high forward voltage that luminous efficiency was low 
comparatively and sufficient brightness was not obtained. 

[0005] Therefore, this invention is accomplished in view of such a situation, and does not need reflecting plates, such as a 
cup. but the light which comes out from the side face of a light emitting device in which the gallium nitride system 
compound semiconductor was used is used effectively, and it takes out to an observation side side, and aims at raising the 
luminous efficiency of blue LED. 
[0006] 

[Means for Solving the Problem] A light emitting device consists of a gallium nitride system compound semiconductor by 
which the laminating was carried out at least to the translucency substrate and this translucency substrate, and further, by 
using the translucency substrate of this light emitting device as a top face, blue LED of this invention is laid on a leadframe. 
and Is characterized by cutting the side face of said light emitting device from the direction of a vertical on the top face of 
a translucency substrate by the acute angle theta in the blue light emitting diode which comes to close the whole light 
emitting device by resin mold. 

[0007] Although especially the include angle of the acute angle theta is not limited, it can change suitably with the 
refractive index of a translucency substrate, and the refractive index of resin mold. In order to carry out total reflection of 
all the luminescence of a gallium nitride system compound semiconductor to a translucency substrate side (luminescence 
observation side side), when the refractive index of n1 and said resin mold is set to n2 for the refractive index of a 
translucency substrate, as for the acute angle theta, it is desirable to be cut the include angle more than the include angle 
more than sin-1 (n2/n1), i.e., a critical angle. In addition, when carrying out total reflection of all the blue luminescence on a 
light emitting device side face by this formula, it cannot be overemphasized that what-has the refractive index of the 
ingredient of resin mold smaller than the refractive index of a substrate is chosen. 

[0008] Moreover, In order to omit the side face of a light emitting device aslant, dicing can be used and it can cut by using 

the blade with which the edge of a blade is acjjusted to the desired include angle. 

[0009] 

http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_eije 06/02/28 



• JP,0!5-244458.A [DETAILED DESCRIfJTION] ' " 2/2 

[Function] Drawing 4 is drawing showing the structure of a light emitting device where the side face was cut by the acute 
angle theta in blue LED concerning one example of this invention. Moreover, drawing 3 is drawing showing the structure of 
the conventional light emitting device where the side face was cut perpendicularly. In addition, these drawings omit and 
show the electrode and the leadframe. As shown in drawing 4 , by cutting the side face of a light emitting device from the 
top face of the translucency substrate 1 by the acute angle theta. blue luminescence which emits from a gallium nitride 
system compound semiconductor, especially blue luminescence near the light emitting device side face are reflected with 
the translucency substrate 1, and it becomes possible to take out and use effectively for a luminescence observation side. 
As explained above on the other hand, the conventional light emitting device shown in drawing 3 has overwhelmingly much 
light which carries out [ light ] total reflection within the translucency substrate 1, or is left from the side face of a light 
emitting device. In addition, although there is also light left from a side face in part since this drawing 4 has not carried out 
theta to beyond a critical angle, naturally it can be made to reflect in an observation side side altogether by cutting theta 
based on the above-mentioned formula above a critical angle. 

[0010] Thus, since many blue luminescence can be reflected in an observation side by cutting the side face of a light 
emitting device acutely, the radiant power output of blue light emitting diode can be raised. Moreover, since the light 
emitting device which has a gallium nitride system compound semiconductor does not have cleavage into the ingredient 
itself unlike the light emitting device which used ingredients, such as other GaAs(es), GaP, and AlInGaP, it has the 
advantage of being easy to cut aslant. For this reason, it is very important to cut aslant the side face of the light emitting 
device of a gallium nitride system compound semiconductor, and to reflect blue luminescence on that side face. 
[0011] 

[Example] Beforehand, on silicon on sapphire, the wafer of 2 inch phi which carried out the laminating of the n mold GaN 
and the p mold GaN to order is prepared, a part of p mold GaN layer is etched, and a part of n mold GaN layer is exposed. 
Next, adhesive tape is stuck on silicon on sapphire after vapor-depositing an electrode in a predetermined configuration in 
the exposed n mold GaN layer and the p mold GaN. 

[0012] On the other hand, in order to cut a wafer aslant, the blade which established the 30-degree inclination in both sides 
toward the center line of the edge of a blade, respectively as shown in drawing 5 is prepared, and it sets to a dicing saw. 
Next, after sticking the above-mentioned wafer on a table and cutting the X-axis from a p mold GaN layer side by dicing. 90 
degrees of tables are rotated and a Y-axis Is cut shortly. 

[0013] After attaching a chip in a leadframe as a silicon-on-sapphire side turns into a luminescence observation side after 
removing a wafer from a table finally and dissociating in the shape of a chip, and connecting an electrode and a leadframe 
electrically, blue LED of this invention is obtained by carrying out mold to the shape of a lens with an epoxy resin. 
[0014] Thus, obtained blue LED is forward voltage 5V. and showed 20 microwatts of radiant power outputs. As for the 
conventional blue LED which consists of a chip which omitted the side face perpendicularly on the other hand, the radiant 
power output had only one half mostly with 10 microwatts. 
[001 5] 

[Effect of the Invention] As explained above, since blue LED of this invention has omitted the side face of the light emitting 
device aslant, it makes it reflect on the side face, and can take out luminescence of a gallium nitride system compound 
semiconductor from a translucency substrate effectively. And a cup-like leadframe is not needed like before, either but it 
excels also in productivity very much. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The sectional view expanding and showing a part of structure of the side face of the light emitting device 
concerning blue LED of this invention. 

LQiawing..-?] The sectional view showing the structure of the conventional blue LED. 

[Drawing 3] The sectional view showing the structure of the conventional light emitting device. 

[Drawing 4] The sectional view showing the structure of the light emitting device concerning one example of this invention. 
[Drawing 5] The sectional view showing the tool angle of the blade of a dicing saw. 
[Description of Notations] 
1 Translucency substrate 

2 Gallium nitride system compound semiconductor 

3 Electrode 

4 Leadframe 

5 Resin mold 



[Translation done.] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_eije 



06/02/28 




mB^mflT (JP) (12) ^ §i 1^ & ^ (A) (ll)4$D^difl&B§#^ 

1^5-343742 





(43)£^B 5^(1993)12^248 



(si)inta' msm&^ fff>mm»^ f i mm^mfi 

H 0 1 L 33/00 C 8984-4M 



21/78 L 8617-4M 

Q 8817-4M 



(2i)mfii#^ 


4$e74-172042 


(71)tIlSiA 


0002260S7 














(22)tllSB 


¥j!R4^(1992)6fl 5B 




iesi^mmji>t>Qrfia«i#j&ioo 








(72)511^^ 




















C72)fl^^ 














BMIb 
















(72)%^# 












16S!l|BmmJiit>lilr|33«l#i6l0O 


BM<b 



(54) l^a34iWl mtif ') A9fifb^«j2NWf - y rfoiW^^ 



(57) [iltil] 

'J -t? A^^b^^^|i»tt:a)»Stt*«'S 3 ^ i: < ff4x 
fcSS*tt«6**-r -SSft* 'J -!? A36<b^iai|ijlltt:^ ^ 

e^yicfe y wBr-r-axst *a«-r-5. 




(2) nmW- 5-343742 



[0001] 

■9-:7T-f7S«±i:iWS$*ifcS<b#'J't7i»S<b^ 

[0 0 0 2] 

Kl?(*GaAs, GaAIAs. G a Pif A^tQ&tvTl^ 

BT?ftyilffl<bl=l*Mort>JSl^. UA>L. SlfflM^S* 
fi$e3f&^44^LT. GaN, I nGaN. Ga A I 

[0 0 0 3] fleSE, i»ii9i*««A<as**ifct;i/\-* 

5^-y:^ic^^ii-r-s:^5i <!: u-c(4-«i=a<'-i'-9— . *fci* 

ttjC)jkrt].»:y^l£txrt](O»$«0yi&A//£^. 9fAlcJ:o 
-C* > h-rSKS-rfti), :^^^^*^—t\t%^ 

[0 0 0 4] 

[fSi§A<»d(LJ:3^-r«Sa] ffiSBGa GaAs 

«o>-tj-A/£f&mii(0^ai4^#Bait;b< ri i oj 

7 •< >*A*t-5 c t (= * y ^ :^«I=1B 

□ xe«jt-^fty, S^b*''J';7AjK^b^^ft^|i^S«:i:■9■7 



^ t.'e-xaSAMS(Sg ^l^ffiicfii^i^s-eft«/!:«!>. 

=f-v A<«6±U-^-r < 'J: y . »HlcWBfC#>5f A^o 
■r-SCtlcJ:y. -t^x/N— ©ei^lBjictE* (;^hu;<.) 

=y v^. ^•ye>-yS?A<fB±L^-r<'Sy. ffFfOaJS^b 
#y '!7A%^b$ia^2B{«:a>^ai£$li4a-C o tzib. 
»SA<«T L fc y . »^A<lf <^CorL^5^:t^ 
3P»^S^A<ft-3f=. 

[0 0 0 5] «Eor. *«wi*-y-7T-<r*s«A:-r« 
«±^Rfrjtu, s^b^y^Am^b^^itian^wiasti* 

[O O O 6] 

» * *ifc -t? xy \- * ^ :^ttlc»«-r S^^T? ft o T . 
0-9-7T-<rS«*WSLT»<-r-5xei:, ©pSS 
®-fiB*nSS*-Cx.>5^i/^r-r*XSi:, (3>nMB$ 

■y-7T-fr«tt*-cx>^>^f. ^fctty-f i/v^^-r^ 
-f e><fi=j:y«iBfr-r-sxat. *a«-r-6ct*i$a 

[o o o 7 ] jiiT. ;^%iHa>— 3gi£^a>Sii&^i£$@s 
$#f!gL)ti:A<&piK-r«. lai^Beasibtfy^^AiK 

^b^ia^asi^-i^x/x-, ts^ismf-(om7&^yF^tmmm 
•cfty, 1 i*-t>-7T-fTa«» 2i*nffia<b*y'5Ajs 

<b^ia*»«:S (K^TnSS^:t^a, ) , 3l4pSg<b 
tfyt^AS^b^ia^lVf^S (lUTp^B^t'3. ) rft 

[0 0 0 8] g<b**y'!7AS<b^1^i|ia9«:';7X/\ 
— a)J5*l*. ■t*-7T-fT*Sn?4 0 0~8 0 0//m. 

-e(7)±(=ffia$4xf=n^92. a^xfpmmsoim^it 

^<-Ct+»/imT?fty. -tOIStA/i'A^-y-^T-fTS 
«1(7)J9$-ed5«>&:K-Cl^-S. (Hot. 0(0X81=^1^ 

-y-^T-f TSffil *SfSLr. ^■roi5$*5o~3 

O O ju ml=nfi-r •& C ^ A<(9^ Ll^. 5 0/1 m<|: y 
l^t. •;7X/N-±fli:A<fil4xg< JSofcy. *fc't7X/\- 
lCiKyA<£i:^1SlRll~ft-&. ^^c, 3 O O i/ m J: y t.9 



(3) ^mW- 5-343742 



[00091 *-r. ■9-:?T-fTSfii±lc. nSHa. 

fcJ:t;pSS3;b<I!llcaH3Fttfr';7X/\-(D. «±Hr* 

£»^pMii3±ic. iaiic^'r<^aic«syi4$tg[it 

ho «ailS4l*pS®3A<X'v^>^lCc*:yS^*n* 

a>stect*ic. y^$->x^y^>^stT5fci6iciatt 

[00 10] «SI8a4;&^i9:(tbtt/cpMS3£. 

><fmWL. H2fc^-r«*:5lc. KlCcfey«»H4S-» 
[00 1 1] EI3lc^-rJ:3lc. nMB2<Dg 

[0 0 12] mz. H4lC^-rj:aiw. (3)<Z>XlilCj;y 

ffliA^&ffLaoT^ji-r* (®a>xs) o<D(7)xsrccfc 

yi^:7T-<TS«a)B$*»< LTi>«>fci^). x<7^-f 
•?^-<>5$A*tT»LtiJ-SCi:lc<fcor. «Hlc^*y 

a)a*-eA*i«ctfz<ty. '-v^gBtio*ii>-9-:7 7'W'T 

[0 0 13l*fr. ESlz^fcfcaic. y-<i/>^lCcfe 
[0 0 14] 



[0015] za>mz^i^x^ nmmztpMMQO)^ 

Ms HI*). p-nS^®^ix•:;^>y$^^rl^-5fcA^). 

tA,tmi\ t^h>\z^ ■9-:7T-<TS«l t nMS2(0» 
srzfct^Tt. ^d«DO!>XSICj:y. nS)l2a)^it>* 
-ex':y^>y$tlTl>^tcift>. y-fi/V^^tr-SlCLT 
4i. ■t<DW»Tai**jS<-r4Ci:A<T?#*fci^). XhU 
xa);b^;!»^^S^J^)!)<tt*^zitLT*♦Slr^d^-r*o (So 

*«esa>*jtfc<fcyf&&*ifca<b**y';;A^<b^ia 
^> zfit. ti^^&^iz&mi-^mitis^j'^Jxm 

y. ^^t^^&imm'ti>ztm<^&m<^n^i^x 

[00 16] 

[||J£«9] JUT. **0-fla)S^b^*y t;x.^^b^ia^»t* 

[0 0 17] [llJfifflii ] 15*4 5 0/im. :*:$$2-r 

>J'0(D-^yr^7&«i±iZ. IlifCnMGaNS^kpS 
G a NS*$*5li-T 5 U mOm^VfU&iitfzf^^^'^ 
KfflCDG a Nxe^+i/"V;U'l>xy\— (DpMG a N 
HIC. :7:t- h UvX h-e/^^r — >*J^B8-r^o 

[00 18] 37:t- hUi/X ha>±7!)^t>"::^^X-7CVDjS 
lCj:y«aiKiLXS I 02MSO. 1 |i mCDMJST*}^ 

fiKLfca. »«rcj:y3?:*-hui;xh*M«iLT. /^^ 

[00 1 9] '^x/N-sy^KtaSKcDfiKfcsaL. 

p^G a NS^ nMG a NB^TX *y -So 

[0 0 2 0] x*y5^>y». wsaicT-9-^T-<ra« 

$1 5 0/im*-ews-r«o 
[002 11 mmm. <?Ji/\—^if-(-»<fy-izWLS 

L. :^U— K0»K»3O. 000 r pm. «)»aa[0. 

3mm/secO>lfe<*t?. -V^V KT^U'-KfwT. 
(D**yh^-<> (350/imft) -hS 2 O /ii mCDSRSl? 

[0 0 2 21 ^Xiz^ mwimizfbm'r-zfitenL. x^ 

^-(/<-(0'r—Zf)\^±\z^^)n\f^ M^'F^rv^P'Vmm 
1 a OSL^mzm^^ImumAtU^Xl^i^o 

x^^^-f (D^^'-r-v^^ K^-e^-f v>ya)Bii^x^ 

/<-f*z|S (±T) . ytt («r«) ^rRll:i»B6pJfl63tj:«| 

j&it^fo-ci^^o 'S'^-f -v^^ K^a>^ffe^cD*oai*i o 
ogtL. x^^^:^^>r><D3R$*gR<r*fctf). 1^ 
-(7>^-<>^ 2[iix^^-<:^-r4ci:iCcfcygii$ 1 o// 



• • • 



(4) ^BB¥5-343 7 42 



[0023] :;/^-OS5ll>fcGa N-t^X/x— 

[0024] ca)<*:3lcLT#%>*ifcGaN^*v:?c*:y 
isl±t?fcofco *fc. Ca)GaN^->:^<?!)pSGaN 

5fcl::«£l^ai3t4<'-f:J— Kt LfciC5. BI:»|fiiaiE4. 

o^Hisi^-efcofco 

[0 0 2 5] [itSffUl] HJfifflll i:[^-a)GaNxe 
4«+v-v;i/'>X/\— l^«IZLr nSGa NJi*T*X 

*y^>^f Lfc«. -y-^^T-f TS«*»s-fr-ric. nay 

^ffltv f5ic<:?u— KEIiaso. OOO r p 

WBriSttO. 3mm/s e ca)ifef«^"C. 3 5 O ii m 

aJE4. OVlCfel^T. *3tm*2 0iEiW. «3tl&^tt 
5 O--? OKParfcofco 
[0 0 2 6] 



■^-cojl^Jla)*Ilffl^l^lli*3•l^o 
[ias[a)fa««:si%] 

[@ 1 ] *a^e3<D-||JfiCilcoxg|zfci>-cf#t>4x^S 
<k*y 1?A^<b^«3i»taStt:'!7X/\-<z>«ai$^-rBr® 

Be 

m 2 ] *^0^a>-^^£e^a)xglcfcl^T^ ibti* 
<b#y '5Ai6fc&«!i#»(*'5x/\-<D«i2i$^-rwffi 

[0 3 ] ^MBMio-mmmojimiztii'^xm 
<b#y '>A^<b^ia*»t*':7x/\-0«it*^-r0jT® 

[134] :*;%K(D-llt&0)9(Oxeizjba^Tf#&tt'S 

ib#y ';7A^<b^iiai|i«tt:'!7x/\-a)«3£* ^^-tbt® 

Bo 

[05] *agB^cD-^^fiCll(Dxs^cfcl^r^#t>*^'SS 
<b*y ';7A^<b^«3i»i»tt:';7x/\-a>«ia*^-r»ffi 

Mo 

m 6 ] *:*0^a>-^jfie«cDxaizfci>r ^ b4x-ss 

2 nsafc#y 'i^A^^b^ia^sjf** 

3 p mmitii^j '^j^mt^^^^^wm 

4 tumrn 

5 x^^-f > 

6 



[@i] 



[g|2] 



[03] 




4] 




■8 






